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@ Method for nnulti-beam manipulation of micropartlcles. 



(57) In-adiating a plurality of laser beams onto 
different micropartides or different groups of 
microparticles permits trapping and/or mani- 
pulating of these microparticles or groups of 
micropartrcies. By introducing an exciting laser 
beam it is possible to induce chemical reactions 
for processing or assembling. 
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[FIELD OF THE INVENTION] 

The present Invention relates to a method for mul- 
ti-beanr) manipulation of microparticles. More particu- 
larly, the present invention relates to a method for 5 
multi-beam manipulation of microparticles which is 
useful In such various fields as bioengineering and 
chemistry, and permits free non-contact manipulation 
of multiple kinds of microparticles of the micrometer 
order. 

10 

[PRIOR ART] 

There has conventionally been known the laser 
trapping method comprising trapping microparticles 15 
of the micrometer order with a laser beam, and expec- 
tation is entertained to apply this technology for cell 
manipulation in the field of bioengineering and for 
quality improvement and reactions of microparticles in 
the field of chemistry. 20 

Regarding this laser trapping, the present inven- 
tors have proposed a few other methods representing 
the progress of micromanipulation technology, which 
are epoch-making methods useful in the formation of 
a dynamic pattern with a group of microparticles, mi- 25 
crcprocessing of microparticles." and manipulaUon of 
metal microparticles (Japanese Patent Application 
No.1-318,258, Japanese Patent Application No.2- 
78,421, Japanese patent Application No.2-402,063, 
and Japanese Patent Application No.3-104,51 7). 30 

With these methods, it is now possible to manip- 
ulate trapping, transfer and processing of a micropar- 
tide or a group of microparticles In non-contect man- 
ner and at will. 

In spite of this progress of micromanipulation 35 
technology based on laser beam, however, a method 
has not as yet been established, which permitted in- 
dividual manipulation of a plurality of microparticles. 
This has fomied an obstacle for the expansion of the 
scope of application of laser scanning 40 

In view of the circumstances described above, 
the present invention has an object to provide a new 
method which solves the problems in the conventional 
methods as described above and pennits trapping, 
processing and assembling of even a plurality of mi- 45 
croparticles or groups of microparticles. 

[SUMMARY OF THE INVENTION] 



50 



The present invention provies. as a means to 
solve the above-mentioned problems, a method for 
multi-beam manipulation of microparticles, which 
comprises the steps of inradiating a plurality of laser 
beam onto different microparticles or different groups 
of microparticles and trapping and/or manipulating 55 
said microparticles or said groups of microparticles. 

Embodiments of the present invention include 
splitting a single laser beam and irradiating same after 



coxlalization, and polarizing a laser beam, splitting 
same with a polarized beam splitter, and irradiating 
the resultant plurality of beams after coaxialization. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a block diagram illustrating a typical sys- 
tem configuration applicable In the present inven- 
tion; 

Fig. 2 Is a plan view illustrating a typical manipu- 
lation of microparticles according to the present 
invention; 

Fig. 3 is a plan view illustrating another typical 
manipulation of microparticles according to the 
present invention; and 

Fig. 4 is a plan view illustrating further another 
typical manipulation of microparticles according 
to the present Invention. 

[DETAILED DESCRIPTION OF THE INVENTION] 

The present invention provies a method for multi- 
beam manipulation of microparticles. The method 
comprises the steps of inradiating a plurality of laser 
beam onto different microparticles or different groups 
of microparticles and trapping and/or manipulating 
said microparticles or said groups of microparticles. 

The method for multibeam manipulatk>n of micro- 
particles of the present invention will now describe fur- 
ther in detail with reference to some examples. 

Configuration of a system applicable in the meth- 
od of the present Invention is shown in Fig. 1. In this 
embodiment, a laser beam for trapping CWND: YAG 
(Spectron SL902T; wavelength; 1.064 nm; linear po- 
larization) is employed. This laser beam is converted 
into a circular polarized beam with a V4 plate, and the 
resultant polarized beam Is split into two beams by 
means of a polarized beam splitter. The two split laser 
beams are individually deflected In two axial direc- 
tions with two galvanomirrors (GSZ Q325DT). then 
coaxialized with the polarized beam splitter. As the 
two beams, of which the polarization directions are at 
right angles to each other, are characterized by the 
absence of mutual interference (the intensity distrib- 
ution does not vary with the relative positions of the 
beams). These laser beams are directed to a micro- 
scope (Nikon Uptlphot XF) via a lens system, and con- 
densed onto a sample through an oil-impregnated ob- 
jective lens (X100. NA = 1.30). The condensing spot 
has a size of 1 nm. The galvanomirrors are located at 
the opening and at tiie image forming positions of the 
microscope, respectively. Under the effect of deflec- 
tion caused by the galvanominrors. ttie focal position 
scans the sample two-dimensionally. The galvano- 
mirrors are controlled by a computer (NEC PC9801 
RA): it is possible to move the two beams at will by the 
operation of keyboard. Laser scanning makes it pos- 
sible to align a plurality of microparticles with each 
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beam, and even to trap metal microparticles or low-re- 
fraction microparticles. Any cause of laser scanning 
can freely be set through keyboard input For an ex- 
cited laser beam, on the other hand, a Q-switch YAG 
laser (wavelength: 355 nm; pulse width: approx. 30 5 
ps) is used, and Is condensed on the sample in co- 
axialization with the trapping laser beam. The pro- 
gress of microparticle manipulation is observed 
through a CCD camera and a video recorder. The 
position of the laser beam and the current status of 10 
manipulation are displayed in a superimposed man- 
ner of the monitor screen. 

Now let use see an example in which, by the use 
of the above-mentioned system configuration, micro- 
manipulation was carried out with a sample prepared 15 
by dispersing monodispersive poiystylene microparti- 
cles having a diameter of 3 |xm in ethylene glycol con- 
taining acrylic acid (monomer), N.N'-methylenebisa- 
cryl amid (linking agent) and DALOCURE 1116 (pho- 
to-polymerization initiator) dissolved therein. 20 Claims 



cles with two trapping laser beams not mutually Inter- 
fering just as with two human hands. Manipulation Is 
fully controllable by a computer By coaxially introduc- 
ing an excited laser beam, furthermore, it is possible 
to induce chemical reactions for processing or assem- 
bling. 

According to the method for micromanipulation of 
the present invention using a plurality of laser beams, 
it is possible to conduct processing, assembling or a 
mechanical motion of a plurality of microparticles or a 
plurality of groups of microparticles. This method is 
not only directly applicable in the fonm of an assem- 
bling or driving apparatus of a micro-machine, but 
also permits construction and control of a microstruo- 
ture of the micrometer order important physics, chem- 
istry, mechanical engineering and electrical engineer- 
ing. 



Example of manipulation 

First, as shown in Fig. 2, poiystylene latex micro- 
particles of the at>ove-mentioned sample are trapped 25 
with two individual beams, and are caused to come 
into contact with each other by moving the beams. 
Then, an excited laser is irradiated onto the contact 
point to cause photo-polymerization to start. A few 2. 
seconds after laser inradiation, acrylic acid gel is gen- 30 
erated on the surfaces of the poiystylene microparti- 
cles, thus causing welding of two microparticles. After 
confinming welding by moving the beams, laser scan- 3. 
ning of one of the beams is started to trap connected 
microparticles. Then, as shown in Fig. 3, the other 35 
beam traps the other microparticle while moving, and 
is caused to move to an arbitrary position of the two 
connected microparticles for contact thereof. The ex- 
cited laser is irradiated onto the contact point in the 4. 
same manner as above to repeat welding through 40 
photo-polymerization. Repetition of this cyde of ma- 
nipulation penmits building a structure based on mi- 
croparticles. 

Then, for the purpose of causing a rotary motion 
of this microparticle structure, as shown in Fig. 4. (a) 45 
first, laser scanning is discontinued to trap two arbitra- 
ry points on the structure; (b) one of the beams is fixed 
so as to serve as the rotation axis; and (c) the other 
beam is caused to start circular scanning around the 
fixed rotation axis as the center of rotation. Then, the 50 
microstructure begins rotary motion. 

It is needless to mention that any of various laser 
beam optical systenris may be adopted in the manip- 
ulation as described above, and any of various organ- 
ic, inorganic and metal micropartk:les may be covered 55 
in addition to organic polymers. A biological sample 
such as a living cell may also be used. 

This method penmits manipulation of microparti- 



A method for multi-beam manipulation of micro- 
particles which comprises the steps of irradiating 
a plurality of laser beams onto different micropar- 
ticles or different groups of microparticles, and 
trapping and/or manipulating said microparticles 
or said groups of microparticles. 

A method as claimed in claim 1 wherein a single 
laser beam is divided and coaxialized for irradia- 
tion. 

A method as claimed in claim 2 wherein said laser 
beam is polarized and split by means of a pola- 
rized beam splitter, and a plurality of coaxialized 
beams are irradiated onto the microparticles or 
groups of microparticles. 

A method as claimed in claim 2 or claim 3 wherein 
an exciting laser beam is coaxially introduced to 
induce chemical reaction. 
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(g) Method for multi-beam manipulation of microparticles. 

(57) Inradiating a plurality of laser beams onto 
different micropartides or different groups of 
micropartides pemnits trapping and/or mani- 
pulating of these micropartides or groups of 
micropartides. By introdudng an exdting laser 
beam it is possible to induce chemical reactions 
for processing or assembling. 
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